Cholera toxin (CT) and the heat-labile enterotoxin from Escherichia coli, when injected intraperitoneally into cycling hamsters but not rats or mice, induced a massive uterine growth similar to that normally induced by the implanting blastocyst during pregnancy. CT and heat-labile enterotoxin are the only known agents that have this action in any species. Uterine weight reached a maximal sixfold increase 48 h after injection of CT. Concurrent injection of estrogen, progesterone, and CT increased the maximal response to eightfold and eliminated differences in the response to CT injected on different days of the 4-day hamster estrous cycle. The dose response for CT, heat-labile enterotoxin, and CT plus estrogen plus progesterone was most linear (r > 0.93) when the logarithm of uterine weight was plotted against the dose of toxin. The hamster uterine weight response can serve as a simple, highly precise, and highly specific bioassay for CT and heat-labile enterotoxin.
We recently reported that a single intraperitoneal (i.p.) injection of cholera toxin (CT) into cycling hamsters increased uterine weight sixfold within 48 h (2) . Histological analysis indicated that CT had induced a decidual reaction, a progesterone-dependent growth normally induced by the implanting blastocyst during pregnancy when the uterus is exposed to high circulatory levels of estrogen and progesterone. CT had no such effect on the uterus of rats or mice. Furthermore, CT is the only reported substance that can induce a decidual reaction when administered systemically to a cycling animal; all other effective agents known (oil, saline, histamine, wax, and air) must be introduced directly into the uterine lumen of animals primed with high doses of progesterone (hamsters) or estrogen and progesterone (rats and mice) (2) . The unique response of the nonprimed cycling hamster to i.p. injection of CT was accompanied by marked increases in the number of uterine receptors for estrogen and progesterone. Since estrogen controls the synthesis of the progesterone receptor, we proposed that induction of the estrogen receptor by CT or the blastocyst may be the primary event that triggers the decidual reaction (2) . In this paper we characterize the hamster uterine response to CT with respect to time and dose. We also tested the Escherichia coli heat-labile toxin (LT), which closely resembles CT in structure and mode of action (8) (9) , kindly supplied by A. Kreger (The Bowman Gray School of Medicine of Wake Forest University, Winston-Salem, N.C.).
We found that when the i.p. injection was given in the usual way, i.e., blindly, by passing the syringe needle through the abdominal wall, about one of eight hamsters failed to respond to a high dose of CT with increased uterine weight. Instead, ajelly-like mass usually was found lodged in fat or viscera under the peritoneal lining where the dose solution evidently had been trapped. Furthermore, a 100-,ug/kg dose of CT that was maximally effective in increasing uterine weight when given i.p. was totally ineffective when given subcutaneously (s.c.), orally, or injected into the intestinal lumen. To assure successful i.p. injections, we used the following procedure. The animal was anesthetized with ether and placed in a prone position. A small lateral skin incision was made to expose the abdominal muscle, which was grasped with a forceps and pierced with the syringe needle. When the tip of the needle was seen clearly through the thin translucent muscle to be free in the peritoneal cavity and not in fat or viscera, the dose was delivered. The Animals were killed by decapitation at set times after injection. The uterus, including mesometrium, was removed by cutting along the uterine artery and vein, blotted, and weighed to within 1 mg. A midsection of each uterine horn was fixed in neutral buffered Formalin, and slides were prepared (American HistoLabs, Inc., Rockville, Md.) for histological examination (2) .
RESULTS
In the first experiment, a CT time-response curve was obtained with groups of four 7-month-old Lakeview hamsters injected i.p. with CT (100 [.g/kg) or saline on estrous cycle day 1, the day for maximal response (2) . Uterine weight was significantly increased (P < 0.05) within 7 h, and the increase was maximal 48 h after injection of CT (Fig. 1) .
In the second experiment, a CT dose-response curve was obtained with groups of five 6-month-old Lakeview hamsters injected i.p. on cycle day 1 and killed 48 h later. The experiment was repeated 6 weeks later with groups of four 2.5-month-old FDA hamsters. No significant differences (P > 0.1) were found between the results of the two experiments at any dose level. The combined results (nine hamsters per dose level) are presented in Fig. 2 b Significantly different from the value for the left horn (P < 0.05). ' Comparable right horn/left horn values for 1 ,ug of LT in rats were 203 ± 12/168 + 6 (n = 8) (P < 0.05); in mice the values were 106 ± 11/76 + 8 (n = 8).
hormone treatment eliminated the cycle day effect (P < 0.05). Furthermore, the hormone treatment potentiated the maximal uterine response to CT alone from a sixfold to an eightfold increase (Fig. 2) .
A dose-response curve for the LT sample without exogenous hormone was obtained with groups of 2 to 11 Lakeview hamsters (3 to 7.5 months old) killed 48 h after i.p. injection on cycle day 1. Histological analysis (2) of these uteri revealed dose-dependent decidualization similar to that induced by CT (stromal cell mitosis, hypertrophy, condensation of nuclear chromatin, etc.).
Curve-fitting analysis of the rising phases of the CT, CT plus estrogen plus progesterone, and LT curves revealed that in all three cases the most linear relation between uterine weight (W) and dose of toxin (D) was log W versus D (r = 0.94, 0.93, and 0.94, respectively). Less linear relations were W versus D (r = 0.88, 0.86, and 0.89, respectively), log W versus log D (r = 0.85, 0.86, and 0.61, respectively), and W versus log D (r = 0.83, 0.79, and 0.68, respectively). The log W versus D data are plotted in Fig. 3 . These plots show that the LT sample was much less potent than the CT sample when administered i.p. However, when administered directly into the uterine lumen, the two samples were equally potent (Table 1) .
Whereas in hamsters the intrauterine injection of 1 ,ug of LT induced a 398% increase in uterine weight accompanied by decidualization, in rats this dose induced only a 20% increase (P < 0.05) without decidualization, and in mice this dose caused no significant increase or decidualization (Table  1) .
No increase in hamster uterine weight was observed 2 days after i.p. injection of cholera toxoid (1 mg/kg), choleragenoid (100 .g/kg), or the cytolytic toxin from V. vulnificus (18,000 hemolytic units per kg). DISCUSSION
The dose response of the hamster uterus to i.p. injection of CT and LT (Fig. 3) is unusual insofar as the log weight is proportional to the dose. Most biological systems, including the commonly used Y-1 adrenal cell assay for CT (6) , respond proportionately to the log dose, and small differences in observed responses are converted to large differences in the dose when read on the log dose abscissa. It is evident from Fig. 3 Fig. 3 are W = 387e0O3ISD and W = 347eO°°O7D, respectively. The intercepts (387-and 347-mg uteri) are close, allowing the LT sample to be assayed as a dilution of the CT sample (11). Thus, the potency of the LT sample is 0.00507/0.0318 or 16% that of the CT sample. Statistical analysis of slope ratio assays is described by Bliss (3) .
Our data show that the hamster uterine decidual response can serve as a simple, highly precise, and highly specific bioassay for CT and LT. Optimal results are obtained by administering the i.p. injection of toxin surgically and providing exogenous estrogen and progesterone to maximize the response and eliminate the estrous cycle factor. The hamster uterine growth response to CT and LT adds to the list of known biological properties of these toxins. The phenomenon could prove useful in distinguishing toxins from different bacterial species. For example, the V. vulnificus and Vibrio cholerae toxins studied here both increased vascular permeability in guinea pig skin (5, 9), but only CT increased hamster uterine weight.
The present finding that LT, which like CT acts through cyclic AMP (8) , induced a decidual reaction in the hamster uterus supports our hypothesis that the induction of the estrogen receptor by cyclic AMP may be the primary event that triggers the uterine growth response to the implanting blastocyst (2) .
